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<S) Poiyimide optical waveguide. 

@ An optical waveguide whk^ has properties including low optical losses, facfle fabricatton. controllr- 
able core - cladding refractive index ratio, and high heat resistance is provided. The optical wav^fuide 
for light transmisston therethrough iias a core (2) tmde of a polyimkle obtained from at least one 
tetracarbdxyllc add dianhydnde aid at least one diamine. The poiyimide is (a) a polyimkle 
homopolymer derived from a diamine represented by formula p] as follows : 



HjN 




NH. 



F^C 



[ij ; 



(b) a poiyimide copolymer derived from at least one diamine including the diamine represented by 
formula [Q ; or (c) a mixture of the polyintide homopdymers. 
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Background of the Invention 
Reld of the invention 

5 The present invention relates to optical waveguides, and nriore particularty, to plastic optical waveguides 

of which the refractive index can t>e freely controlled and which have improved resistance to heat 

Prior art 



10 Together with tfie implementation of optical communication systems made possible through the develop- 

ment of low loss optteai filler, there has been an accompanying need for the development of vanous compo- 
nents employed in such optical communication systems. Particuiafiy, there has been consideratiie demand for 
optical circuits and components therefor which support high throughput of communication signals, especially 
so for optical waveguides applicable to such systems. 

iS In general, properties considered to t>e requisite for optical waveguides include: 1) low optical losses; 2) 

facile fabrication; 3) controllable core-dadding refracth^e index ratio; and 4) high heat resistance. 

Efforts to develop optica! waveguides with low optical losses have chiefly centered on implementations 
incorporating quartz glass. Due to the exceQent permeability to light of quartz glass, it has been possible to 
achieve low optical losses of 0.1 dB/cm and less at a wavelength of 1.3 pm In optical waveguides fabricated 

20 therefrom. Manufacture of quartz glass optical waveguides, however, presents a numt>er of problems including 
a lengthy manufacturing process in tenms of time, the need for high temperatures during fabrication, and the 
problem of increased length wtnch Is necessary with quartz glass optical waveguides. In response to these 
protdems. attempts have been made to produce optical waveguides using plastics such as polymethylm^hao- 
lyiate (PMMA), which can be carried out at low temperatures. \Arith conventional plastic optical wavegiddes, 

25 however, resistance to high temperatures Is poor and optical loss in near infrared region is large. 

Among the various organic polymers currentiy ava9able, polyimide provides very good resistance to heat, 
for which reason these materials has been widely employed in fields of avionics, satdlite technology and so 
on. In recent years particularly, it has t>een expected ttiat polyimide materials would offer a variety of useM 
properties at>ove and i>eyond resistance to heat, and come to be employed in an even wider range of appli- 

30 cations. For example, it has been hoped that pdyimldes having a low coefficient of thermal expansion and low 
dielectric constant could be developed for use in circuit boards, LSI chips and the like as an intertayer dtelectrics 
therefor. Polyomides having a low refractive index would be useful in optical communication applications, par- 
ticularty so as dadding for optical wavegukies. Additionally, there is a need for polylmides with a low water 
absorption. 

35 Unfortunately, polylmides which adequately fulfill the above described needs have yet to be developed. It 

believed that a polyimide of which the main c^ain is sufficientty rigid should provide a material having a suit- 
ably low coefficient of thennal expansion, and that moncmers such as tetracarboxylic dianhydrides or diamines 
should have substituents which provide a suitably low dielectric constant and refractive index. For example, 
for epoxy resins, as reported In the Journal of Polymer Sdence. Part C, and In Polymer Letters . Vol. 24. No. 

40 249 (1 986). by using a polyfluorinated substituent for the curing agent, epoxy resins having a lowest dielectric 
constant Further, as disclosed in Japanese Patent Application. Rrst Publication No. Sho-61-44969. epoxy 
resins having a lowest refractive index using a polyfluorinated substituted base. 

In consideration of the above discussion, it can be seen that shortcomings exist with conventional optical 
waveguides formed from quartz glass or plastic, and that these conventional optical waveguides do not ade- 

45 quately meet the previously described four properties considered essential for conmerclally produced optical 
waveguides, namely, low optical losses, facile fabrication, controllable core-dadding refractive Index ratio and 
h^h heat resistance. 

In addition, there have t>een no reports describing to control the refractive indices using not less than 2 
lands of pdylmides having different fluorine contents one another. 

50 In Japanese Patent Application. No. HeHl-201170. the present inventors have disclosed thatfluorinated 

polyimide prepared using 2, 2'-bis-<trifIuoromettiyl>4f4'-<naminobtphenyl have an extremely low dlelecblc con- 
stant and retractive index, and furthemnore, have excellent transparency characteristics. Additionally, some of 
these highly transparent fluorinated polylmides can t>e dissolved in suitat>le solvents. 

One possible application for which the disctosed fluorinated polylmides could be employed is the manufao* 

ss ture of optical wavegukles. For the manufacture of optical waveguides, however, It is necessary to be able to 
freely control the core - cladding refractive index ratio, and when using the disdosed fluorinated pdyimldes, 
the refractive index can be coarsely varied over the range of from 1 .49 to 1 .71 . Additionally, by virtue of having 
core and dadding layers with diffonent refractive Indices, a multilayer stmcture Is necessary with such fluori- 
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pdyimide opticai waveguides. Because the disclosed highly transparent fluorinated polylmldes are sol- 
uUe in solvents of polyimide preojrsor. however, forming such a multilayer stnicture is difficult As a result 
te^dSd ^""^ ^ transparent polyimides which are soluble in oiganic solvenis have not as yet 

Summaiy of the Invention 

It is an o^ect of the present invention to provide optical waveguides having the pioperties of low optical 
loss^ facde fabncahon: controllable core - cladding reftacthre index ratio; and high heat resistance 

Invention concerns a waveguide for light transmission therethrough having a 

core wha«in the core Is made of a polyimide obtained from at least one tetiacarboxylic dianhydride and at 
least one diamine, the polyimide being selected from the group consisting of 

(a) a polyimide homopolymer derived fmm a diamine represented by formula IQ as IbBows: 




(b) a polyimide copolymer derived from at least one diamine including the diamine represented tv the for- 
mula [Q; ' 

(c) a mbcture of the polyimide homopolymers. 

H»J!Z!^'H^^^°' *® ^^^"^ inventbn concerns a waveguide having a core for light transmission 
*eiettirough. wherein ttie core is made of a polyimide copolymer Including at least two units represented by 
the fformuiae PQ and [IIQ as follows: ^ 




IIIJ 




[III] 



wherein each of R, and Rj is a tetravalent organic group selected from the group corisisting of 
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d 

II 




with the proviso that Ri and R2 are different from each other. 

The third aspect of the present invention concerns a method for making an optical waveguide for light trans- 
mission, the optical waveguide having a substrate and at least two stacked layers^ first and second layers, for- 
med to cover the substrate, the method oompris l i^ the steps of: 

(a) preparing a substrate and at least two kinds of solutions, at least one of which being of a poly<amlc 
add) which is a precursor of a polyimide, the polyimide being selected from the group consisting of 
(1) a polylntide homopolymer derived from a diamine represented by formula P] as follows: 




(2) a polyimide copolymer derived from at least one diamine Including the diarrtine represented by the 
fonmu^Ol; 

(3) a mbcture of the polyimide homopdymers; 

(b) forming a layer of a solution of said at least two kinds of solutk>ns over the substrate; 

(c) subjecting the layer of the sohjtion to heat treatment at a maximum temperature of not less than 350®C 
to solidify the layer of the solution to fbim a first layer; 

(d) forming a layer of the other solution of said at least two kinds of solutions on the first layer, wherein the 
first l£iyer is Insoluble In the other solution; 

(e) subjecting the layer of the other solution to heat treatment at a maximum temperature of not less than 
350 ^'C to sdkltfy the layer of the other solution to form a second layer. 

The fourth aspect of the present invention concent a method for making an optica! waveguide for light 
transmisston, the optical wavegukle having a substrate and at least two stacked layers, first and second layers, 
fcrnned to cover the substrate, the method comprising the steps of: 

(a) preparing a sutistrate and at least two kinds of solutions, at least one of which being of a poly(amlc 

acid) which is a precursor of a polyimide copolymer induding at least two units represented by formulae 

pi] and pil] as fdlows: 
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IS 



20 



III] 




[IIIJ 

wherein each of and R2 is a tetiavEdent organic group setected from the group consisting of 



25 



so. 



S5 



40 



45 



SO 



55 



X3C. :a'xx. 

^i\yCF^ CF3 




and 

with the proviso that Ri and R2 are different from each other; 

(b) forming a Jayer of a scriutlon of said at least two kinds of solutions over the sut)strate; 

(c) subjecting the layer of the solution to heat treatment at a maximum temperature of not less than aso 
*»C to sdidify the layer of the solution to fonn a first layen 

(d) fonning a layer of the other solution of ^id at least two kinds of solutions on the first layer wherein the 
first layer is insoluble in the other solutk>n; ' 

(e) subjecting the layer of the other solution to heat treatment at a maximum ten^erature of not less than 
350 *C to sofklify the layer of the other solution to fonm a second layer 

The above objects, effects, features, and advantages of the present invention will become more apparent 
from the following description of preferred enitxxlffnents thereof. 
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Brief Description of the drawing 

F^. 1 is a sectional view showing a method for preparing a ridge-type optica! waveguide; 
F^. 2 is a sectional view showing a method for preparing two kinds of ridge-type optical waveguides made 
5 of two kinds of polyimides (bnmed on a sutistrate according to the present Invention; 

Fig. 3 a sectional view of a ridge-type optical waveguide according to the present invention having a tower 
cladding layer made of a pdytmlde; and 

F^. 4 is a sectional view of an embedded type optical waveguide. 

10 Detailed Description of the Invention 

With the present Invention, the optical waveguides thereof are characterized in that the polyimides used 
to form the core layer and/or the cladding layer are those polyimides having the highest heat restetance. These 
highly heat resistant polyimides can withstand temperatures of 300® C and higher. Accordingly, they are ade- 

is quately resistant to temperatures generated during soldering of adjacent or nearby electronic components. 
Moreover, there is the advantage that manufacture of long optical waveguides can t>e easSy cam'ed out by use 
of spin cast methods, thereby penmitting manufacture of such optical waveguides at low cost Because 
potynmkfe optical waveguides are generally manufactured at temperatures of 400® C and less, rather than using 
quartz glass or silicon, prewired multi-use ctrcutt boards made using such polyimides and the like. 

20 In that conventionally available polyimides have a tendency to significantly at>sorb water, the refractive 

Index of such compounds tends to vary widely during using them, and the optical losses thereof tend to be unao- 
ceptably high. With the object of providing a suitable material for the rranufacture of optical wavegukJes, the 
present Inventors have carried out various studies using synthetic technology and molecular engineering 
technology applicable to the development of fluorinated polyimides having refractive indices relatively high, and 

25 which when used as copolymers, .make It possible to finely control the refractive indices of optical components 
made therelirom. As a result, using, for example, the d^ine shown In formula I along with Uio dlSfetent kinds 
of add dianhydrkies, fluorinated pdyimide copolymers have been developed, the refractive indtoes of which 
are freely controllable, and which can be suitably employed for the manufacture , of high quality optical 
waveguides* 

30 Because some of the polyimides which are used to form essential components of the present invention 

are soluble in certain solvents, tiiey can not be used In conventional methods for the formation of multilayer 
optical waveguides. In view of this fact, the present inventors have carried out extensive research concerning 
the effect of heat treatment at various temperatures on the solubility characteristics of polyimides. As a result, 
it has been found that upon heat treating suitable polyimides at a predetermined temperature and above, the 

35 solubility of the resulting material becomes negligit>ie, thus permitting the fabrication of multilayer polyimlde opti- 
cal waveguides. In general, polyimides can be obtained by subjecting poly(amlc acid)s which are precursors 
of the polyimides to heat-treatment up to apprDXImately 300 ""C to 350 ""C. Such the polyimides which are soluble 
in some solvents can l>e changed to be insoluble in the solvents by subjecting poly(amic actd)s to heat-treatment 
up to a maximum temperature of not less than 380 ^C. In the case where the temperature of heat-treatment is 

40 higher than desired, the obtained optical waveguide has high optical loss due to thermal decomposition of the 
polyimides. Therefore, It is desired that the heat-treatment Is carried out at a maximum temperature of 380 **C 
In order to obtain an optical waveguide having a low optical loss. 

Moreover, the present inventors have developed a manufacturing method for pdylmide optteal 
waveguides, wherein over a layer of organic soh^ent soluble pdylmlde, another layer Is formed by applying a 

45 solution of a poly(anruc add) dIssoVed in an organk: solvent in which the polyimlde of the underiying layer is 
not soluble, thus further facilitating the manufacture of multilayer optical wavegukies. 

In the present invention, the employed polyimides Include polyimlde honx) polymers derived from 2,2'- 
bls(trifluoromethyl)-4,4'-diaminobiphenyl, polyimkie copolymers derived from at least one diamine including 
2,2'-bis(tri!luoromethyi}-4,4'-dlamlnobiphenyl, and a mixture of the polyknide homopolymers, as described 

so above. 

2,2'-b'is(trifiuoromethyl>4,4'-diaminobiphenyl, which is a necessary component of the present invention, 
Is prepared, for exanrtple, by the process disclosed In the Journal of Japanese Chemical Sodety, vol 3, 675 - 
676(1972). 

A tetracarboxylic dianhydride used In the present invention Includes pyromellitic dianhydride; 3,3',4,4'- 
55 benzophenonetetracarboxyllc dianhydride; 3,3',4,4'-biphenyletetracarboxylic dianhydride; 2,2-bis(3,4-dicar- 
b03typhenyl)hexafluoropropane dianhydride; trifluoromethylpyromelltc dianhydride; 1,4-di(trifhJoromethyl)pyn>- 
melllcd^nltydride; 1,4-di(pentafluoroethyl)pyromellic dianhydride; heptafluoropropylpyromellic dianhydride; or 
the like. Japanese Patent Application Na 63-165056 discloses a method for preparing a fluorine-containing 
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anhydride of pyromellitic add, which has a benzene ring having at least one fiuaro-alkyt group, such as trif- 
luoromethylpyromellic dianhydride; 1,4-di(trifluoromethyl)pyromeDic dianhydride; 1.4-di(pentaf- 
luoroethyl)pyromeIlic dianhydride: heptafluoropropyipyromeUic dianhydride; or the like. For example, a 
copolynter 6f p<rfy(anrtic acid) is synthesized by reacting the diamine mentioned abme yMt two kinds of let- 

5 racartxaxyik; dianhydrides. The tetracarboxylic dianhydrides used in the synthesis of the poly(amic ackJ}s may 
be replaced with the tetracarboxylic acids, the tetracarboxyitc ackl chlorides, or ^ers of the tetracarboxylic 
acids. FurthOTnore, a polyimide copolymer may be prepared by reacting the diamines with at least ttvee kinds 
of tetracarboxylic anhydrides in order to control easily and precisely the refractive index of a wavegukie. 
The reactkxi menttoned atK>ve may be canied out in a pdar organic solvent such as lHfnethyl-2-pyrrofkll- 

10 none. N,N-dlmethylacetamide, N,N-dlmethylfonnam!de, or the like. In the present invention, a pcriylmide is 
derived from only one poly(amic acid) and a mbcture of polyimides may be derived from a muture of at least 
two poly(amic add)s. 

The polyimides used in the present invention indude not only a polyimide homopoiymer derived fran 2,2'- 
bis(trtfluoromethyl)-4,4'-dlaminob!phenyl and a tetracarboxylic dianhiddde but also a pdyimkie copolymer 
IS derived from 2,2'-bis(trif!uoromettiyl>4,4'-diaminobiphenyl and a mixture induding the polyimide homopdym- 
ers. In the pdyimide copolymer and the mixture, the monomers (diamines or dianhidrkJes) listed bdow may 
be used with 2,2'-bls(bTfluoromethyJ>4,4'-diaminobiphenyl and the tetnacarboxyik: dianhklride. 

Such compatible diamines Indude m-phenyienediamine; 

2.4- diaininotoluene; 2,4-diamlnoxyiene; 2,4-diannlno durene; 
20 4-(1H,1H,11H-eicosafluoroundecanoxy>-1,3*<fiaminoben2»ne; 

4-(1 H.1 H-perfluoro-i -butanQxy)-1 .3-diaminobenzene; 

4-(1 H,1 M-perfluon>-1 -heptanoxy>'1 ,3-diaminobenzene; 

4-(1 H.1 H-per1iuoro-1-octanoxy)-1 ,3-dlamlnobenzene; 

4-pentafluorophenoxy-1 ,3-dlaminobenzene; 
25 4«(2,3,5,6-tetFafluorophenoxy)-1 ,3-diaminobenzene; 

4-(4-Auorophenoxy)-1 ,3-diaminot>enzene; 

4-(1 H,1 IH,2H,2H-perfiuoro-1-hexanoxy)-1 ,3-diaminobenzene; 

4-(1 H,1 H,2H,2H-perfluoro-1-dodecanQxy)-1 ,3-dlaminobenzene; 

p-phen^enediamrne; 2,5-dlaminotoluene; 
30 2,3,5,6-tetramethyl-p-phenylenedianitine; 

2.5- diaminobenzotrifiuoride; 
bis(trif)uoromethyl)phenylenediamlne; 
diaminotetFa(tr9luoromethyi)benzene; 
dlaniino(pentafluoroethyl)benzene; 

35 2,5-diamino(perfluorx>hexyl)benzene; 

2,5-dtamino(perfluorobu^)benzene; benzidine; 

2,2'-dimethylbenzidlne; 3,3'-dimethylbenzkline; 

3,3'-dimethQxybenzidine; 2,2'-dfmethoxybenzidine; 

3.3',5,5Metramethylbenzidine; 3,3'-acet^benzidine; 
40 3,3'-bts(trifluoromethyl)-4,4'-diaminobiphenyt; 

octafiuorobenzidine; 4,4'-diaminophenylether; 

4.4'«dlamlnodlphenylmethane;4,4'-diam!nodiphenyisuffone; 

2,2-bis(p-aminophenyi)propane; 

3,3'-dimethyl-4,4'Hjiaminodiphenylether; 
45 3,3'-dimethyl-4,4'-diaminodiphenyimethane; 

1 ,2-bis(an3ino)ethane; 

2.2- bis(p-aminophenyl)hexaflu<m}propane; 

1 .3- bis(anilino)hexaf!uoropropane; 

1 .4- bis(anilino)octafiuorobutane; 
so 1,5-bis(anilino)decafluoropentane; 

1,7-bis(anilino)tetradecaf1uoroheptane; 
2,2'-bls(trifluon)methyl)-4,4'-d!aminodiphenyl ether; 
3,3'-bis(trifluoromethyl>4,4'-diaminodiphenyl ether; 

3,3'.6,5'-tetrakis(trifluoromethyl)-4,4'-diamino diphenyl etiier, 3,3'-bis(trifluoromethyl)-4,4'-diaminobenzophe- 
55 none; 

4,4"-diamino-p-terphenyl; 1,4-bte(p-aminophenyl)benzene; 

p-t>is(4-amino-2-trifluoromethyiphenoxy)benzene; 

bls(amlnophenoxy)bi8(trffluoromethyl)benzene; 

7 
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bis(amfnophenoxy)tetralds(tiffluorcmiethyi)benzene; 

4,4*'-diam]n<H>-quatefpheny1; 

4^'-bis(p-amtnophenoxy)biphenyl; 

2^*bis{4-(p-amlnophenoxy)phenyi}propane; 
5 4,4'-bis(3-aminophenoxyphenyl)diphenyl^ilfone; 

2,2-bis{4-(4--aminophenoxy)phenyl}hexaflii€at>propane; 

2,2-bis{4-(3-aminophenoxy)phenyl}hexaf!tJ€TOpropane; 

2^*bis{4-(2*am!nophenoxy)phenyt}hexafluoropropane; 

2^4iis{4-(4*aminophenoxy)*3,5-d!methylphenyl)hexafliioropropane; 
10 2^-^ts(4-(4-aininophenoxy)-3,5-bis(trif1iJorcmethyi)ph enyOhexafluoropropane; 

4.4'-4>te(4-ain!n(>-2-4iifluoromethyiphenoxy)biphenyl; 

4,4'-4>is(4-amlno-3-trifluoromethylphenoxy)biphenyl; 

4,4'-^is(4-amino-2-trifluoroiTiethylphenoxy)diphenyIsulfone; 

4,4'<^is(3-amino-5-tnfluorornethylphenQxy)diphenylsulfone; 
IS 2;2-bts{4K4-anuno-34nfluoramethylphenoxy)phenyl)hex^ 

bis{(trifluoroinethyl)anitnophenoxy}bipheriyl; 

bisK(trmuoromethyOaminophenoxy}phenyl]hexafluoropropane ; diaminoanttvaquinone; 1,5-diaininonaphtha- 
lene; 

2,6-diaminonaphthalene; 
20 bls{2-((aminopheno)v)phenynhexafluoroisopiopyi)benzene; and the IBce. 
Such the compatible dianhydrides Include 

trifluoromethyfpyromelGtic dianhydride; 

di(trifluoromethyl)pyromellitic dianhydride; 

dt(heptafluoropropyl)pyromellitic dianhydride; 
25 pentafluoroethylpyromeintic dianhydrkie; 

bls{3»5-dKtnfluoroniethyl)phenoxy}pyrDmeIlitic dianhydride; 

2^t3'.4'-biphenyitetFacart>oxylic dianhydride; 

3,3',4,4'-tetracarboxydiphenyt ether dianhydride; 

2^%3,4'-tetracari>o;^diphenyi ^er dianhydride; 
30 3g3',4,4'-benzophenonetetracart>oxyllc dianhydride; 

2,3,6.7-tetracart>oxynaphthalene dianhydride; 

1,4,5t7-tetracartx)xynaphthalene dianhydride; 

1 ,4,5.6-tetracarboxynaphthalene dianhydride; 

3^',4,4'-tetracarboxydiphenylnriethane dianliydride; 
35 33'f4.4'-tetracart>oxydiphenylsuifone dianhydride; 

2^-bis(3,4-dicarboxyphenyl)propane dianhydrkie; 

2;^-bis(3,4-dicarboxyphenyt)hexafluoropropane dianhydride; 

5.5'-bis(trifluoromethyl}-33'.4,4'-tetracarboxydiphenyl ether dianhydride; 

2^^,5'-tetrakis(trifluoromethy1}-33',4,4'-tetracart)oxybiphenyl dianhydride; 
40 5,5'-bis(trffiuoromethyi}-3,3',4,4'-tetFacarfooxybiphenyl dianhydride; 

5^'-4)is(trifluoromethyI}-3,3',4,4'-tetracarbo)^enzophenone dianhydride; 

bis{(trifIuoronfiethyl}dtcarbo)^henoxy}benzene dianhydride; 

bis{(trifluon>methyi)dk:art)OxyphenoxyKtrif)uoronriethyf)t>enz ene dianhydride; 

bfs(dicartx>xyphenoxy)(trinuoromethyl)t>enzene dianhydride; 
45 bis(dicart>Qxyphenoxy}bis(trifiuoronr)ethyl)benzene dianhydride; 

b!s(dlcart)Qxyphenoxy}tetrakis(trif!uoronnethyl)benzene dianhydride; 

3A9t10-tetracarboxyperylene dianhydride; 

2;2-bls{4-(3,4-dicart>oxyphenoxy)phenyl}propane dianhydride; butanetetFacart>oxyllc dianhydride; 
cydopentanetetracart>oxyllc diantiydride; 
so 2,2-bls{4-(3,4-dicarboxypheno3^)phenyl}hexafluoropropane dianhydride; 
bte{(trifluoromethyl}dicarix»^phenoxy}blphenyl dianhydride; 
bis{(trlf)uoromethy])dlcart)oxyphenoxy}bls(trTfIuon3nriethyl)b iphenyl dianhydride; 
bis{(trif!uorontethyl)dk:art>oxyphenoxy}diphenyl ether dianhydride; 

bis(dicarboxyphenoxy)bis(trifluoromethyl)biphenyl dianhydride; and the like. The dianhydrides listed above 
55 may be replaced with the tetracartxucyllc acids, acid chlorides or esters of the tetracarfoo)^lc acids, or the like. 

With the manufacturing method for optical waveguides of the present invention, many of the well known 
different types of optical waveguides can be fabricated. Including fiber type, paialle! surface type, ridge type, 
lens type, and embedded type optical waveguides. By appropriately selecting the refractive Index of the material 
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used for the core and the rrateriaJ used for the dadding, the coredadding refractive index ratio of these optical 
waveguides can be freely controlled so as to achieve wavelength dependent properties thereof which be^ suit 
the condftions and requirements under which they will be used. 

With reference to Rg. 1, a manufactunng ntethod for ridge type optical waveguides wfll be described. Rg. 
1 niustrates one example of a manufacturing method for ridge type optical waveguides in accordance with the 
present invention, wherein a substrate 1, core layer 2, aluminum layer 3 and resist layer 4 can be seen. Over 
the substrate 1 which can be fabricated from sfltcon and the like, a layer of a poly(amic ackl) which can be a 
precursor of a polyimide of the present invention is applied at a specried thickness. Upon heat curing, the pre- 
viously applied pdy(amic add) is transfomied into the above mentioned core layer 2. Next, the above men- 
tioned aluminum layer 3 is fomied over the core layer 2 using a vapor depc^ltion method, after which resist is 
applied thereover. After the resist has been thus applied prebake. light expo^. development and afterbake 
steps are sequentially canied out, whereby a particular pattern can be Imparted to the resist laya^ 4. The por- 
tions of aluminum layer 3 which are not protected by resist are then removed using a wet etching process, after 
which the portions of the pdyimide core layer 2 which are not protected by aluminum layer 3 are then removed 
using a dry etching process. Rnally, the remaining portions of aluminum layer 3 are removed using a wet etching 
process, whereupon the completed optfcal waveguide Is obtained. The ridge type optical waveguide thus 
obtained therefore is made up of a lower dadding layer consisting of the above mentioned substrate 1 made 
of silicon or the like, a core layer derived from core layer 2 which is formed from one of the pofyimldes whk:h 
characterize the present invention, and an overiying air layer which acts as an upper dadding layer. 

F^. 2 niustrates another example of a manufacturing method for ridge type optical waveguides in accorxl- 
ance with the present invention, wherein over an optical waveguide of the type prepared by the example shown 
In Rg. 1 , a core layer 5 is fomned which consists of a different polyimide of the present invention fiom that which 
forms the core layer 2. 

Fig. 3 DIustrates another example of a nrranufecturing method for ridge type optical waveguides in accord- 
ance with the present invention, wherein the polyimide layer having an Index of refraction lower than the of the 
above descnl>ed core layer 2 is first applied over substrate 1 , after which steps identical to those of the example 
shown in Rg. 1 are carried out, starting witfi fomnation of the core layer 2 over ttie polyamide layer first applied 
over tiie substrate 1. In this way, a ridge type optical wavegukJe is fabricated having a lower dadding layer 6 
consisting of ttie polyimide layer first applied over substrate 1, a core layer derived from the core layer 2, and 
an overiying air layer which acts as an upper dadding layer. 

Fig. 4 illustrates yet another example of a manufacturing method for embedded type optical waveguides 
in accordance with the present inventk>n, wherein starting with an optical .waveguide of the fype prepared by 
tfie example shown in Rg. 3. an upper dadding layer 7 is fonmed tiiereover which consiste of a polyvnide layer 
which has a lower index of refraction than that of the core layer 2. 

In the foHowing, ttie preferred embodimente of the present invention will be described in deteO. Herein, 
examples of the ^rication of optical waveguides which incorporate one or more of the polyimkles will be des- 
cnl>ed. These examples should not be construed as limitetions to the scope of the present invention, but rather, 
as illustrative examples so as to deariy describe the fabrication and constitution of the optical wavegukles of 
the present invention in a concrete manner. 

The decomposition temperature and refractive Index are shown in Tables 1-1 and 1-2 for a number of 
polyimide homopolymers, polyimide copolymers, and mbctures of polynmlde homopolymers used in the present 
invention. The listed values for decomposition temperature were obtained under a flowing nitrogen atmosphere 
with the temperature of ttie sample raising at a rate of 10*C/min., and represent ttie temperature resulting in a 
1 0 wt % loss in ttie amount of polyimides studied under ttie above conditions. Refractive indices were measured 
using an abbe type refractometer at 2(yc at a wavelengtti of 589 nm. 

Because ttiese polyimide homopolymers, polyimide copolymers, and mbdures of the polyimide 
homopolymers had refractive indices ranging in fine gradations from 1.49 to 1.65, it was possible to freely con- 
trol ttie core - dadding refractive indices of optical waveguides fabricated ttierefrom. The decomposition tem- 
perahires were very high, at a value of 500«C or greater for every specimen, ttius indicating that all of ttiese 
polyimide compositions can witfistend temperatures which develop during soldering of electrical components. 

For fabricating nwltilayer devices using the polyimide homopolymers. polyimide copolymers, and mixtures 
of ttie polyimide homopdymers shown in Tables 1 -1 and 1-2 which are soluble in certein organic sohfente, when 
applying a polyimide layer over a previously prepared polyimide layer, it is necessary ttiat a poly(amic add) to 
be the second layer is applied dissoh^ed in a solvent in which the first layer In not soluble. The solubility charac- 
teristics of the polyimides shown in Table 1-1 and ttie poly(amic acid)s were tested using a variety of organic 
solvente, the results of which are shown in Table 2. The resulte for the polyimide homopolymer 4 in Table 1-1 
and Its precursor (poly(amic add)) were obteined as described below. 

Multiple experimentel spedmens were prepared using 3 Inch diameter silicon wafers having ttie surface 
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layers of siHcon oxide. A 10 wt % N.N'-dimethylacetamide (DMA) solution of the soluble poiy(amic acid) which 
is a precufsor of polyimide homopolymer 4 in Table 1-1 was applied by spin cast method over a surface of each 
silicon wafer, and subsequently heat-treated up to a maximum temperature of 350% so tliat a 1 0 pm thick layer 
of pdyimidd homopolymer 4 was formed to obtain the polyimide produ^ Then the samples of polyimide 
5 homopolymer 4 thus prepared and the samples of poly(aniic acid) which is a precursor of the polyimide 
hcHnopolymer 4 were tested In a variety of c»rganlc solvents at room temparature, whereby the solubDrty charac- 
teristics of each were assessed. As shown in Table 2. the po]y(amic ackf) dissolved in alcohol type soh/ents 
and in methylisobutyl ketone, whereas the corresponded polyimkle homopolymer, which was a lower cladding 
part, did not 

io Optical waveguides were prepared using the polyimkle homopdymers, polyinttde copolymers, and mbct- 

ures of the polyimide honr^opolymers shown in Tatdes 1-1 and 1-2. Optical losses in each were measured at 
wavelengths of 0.63 pm and 1.3 pm by means of the streak light scattering method and cutt>ack method. 

Examples 

is 

Example 1 



A solution of a poly(amlc acid), which is a precursor df polyimkle homopolymer 1 in Tat)le 1*1 . in an amount 
of 10 % by weight in DMA, was cast on a silicon wafer 3 Inches in diameter having an silicon oxkle surface 

20 layer by a spin cast method and was subjected to heat-treatment up to a maximum temperature of 350% so 
that the heat-treated wafer had a 10 pm thidc layer of polyimide homopolymer 1, thus obtaining a parallel-sur- 
face-type optical waveguiide having a lower cladding layer of a sQicon oxide layer, a core layer of polyimide 
homopolymer 1 in Table 1-1. and an upper daddtng layer of an oveilying air layer. In detafl, heat treatment 
wascam'edoutat70''Cfor2hours:at160*'Cfor1 hour; at 250^0 for 30 minutes, and at 350^*0 for 1 hour. The 

25 result measurement of the photopropagation loss of the obtained waveguide using a streak light scattering 
method with light having a wavelength of 0.63 pm was 0:9 dB/cm. 

Example 2 



30 A paraOel-surface-type optical wavegukJe having a lower cladding layer of a sOlcon oxkle layer, a core layer 

of polyimide copolymer 11 in Table 1-1, and .an upper cladding layerof anoveriying air layer was obtained by 
repeating the same procedures as described In Example 1 except that a solutk>n of a pdyCamk; acki). which 
is a precursor of polyimide copolymer 1 1 in Table 1-1 , in an amount of 1 0 % by weight in DMA was used instead 
of a solutk>n of the poly(afnic acid), which is the precursor of polyimide homopolymer 1 in Table 1-1, in an 

35 amount of 1 0 % by weight In DMA. The result measurement of the photopropagation k>ss of the obtained optical 
waveguide using a streak light scattering method with light having a wavelength of 0.j63 pm was 0.7 dB/cm. 

Example 3 



40 A parallel-surface-type optical waveguide having a lower cladding layer of a silicon oxide layer; a core layer 
of polyimkle homopolymer .4 in Table 1-1, and an upper cladding layer of an overi^ng air layer was obtained 
by repeatir^ the same procedures as described in Bcample 1 except that a solution of a poly(amic add), which 
is a precursor of polyimkle tiomopolymer 4 in Table 1-1, in an amount of 10 % by weight in DMA was used 
instead of the solution of the poIy(amlc acid), which is the precursor of polyimkle homopolymer 1 1n Table 1-1 , 

45 in an amount of 10 % by weight in DMA. The result measurement of the photopropagatkm loss of the obtained 
optteal wavegukle measured by a streak l^ht scattering method with light having a wavelength of 0.63 yan was 
.0.5 dB/cm. 

Example 4 



A solutk>n of a poly(amic acid), which s a precursor of polyimide copolymer 16 in Table 1-1, in an antount 
of 10 a by weight in DMA was cast on a silicon wafer 3 Inches in diameter having an silicon oxide surface layer 
by a spin cast method and was subjected to heat-treatment up to a maximum temperature of 350**C (in detail, 
heat treatment was canried out at 70^ for 2 hours; at 160^ for 1 hour; at 250'*C for 30 minutes, and at 350''C 
ss for 1 hour) so that the heat-4reated wafer had a 30 pm thick layer of polyimide copolymer 16, thus fomrung a 
lower cladding layer. A scdution of a poly(amic add), which is a precursor of polyimide homopolymer 1 in Table 
1-1, in an amount of 10 % by weight In DMA was cast on the lower cladding layer by a spin cast method and 
the coated lower cladding layer was subjected to heat-treatment up to a maximum temperature of 350**C (in 
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detail, heat treatment was carried out at 70*C for 2 hours; at 160^0 for 1 houn at 25(y'C for 30 minutes, and at 
350«Cfor1 hour) so that the heat-treated lowerdadding layer hadalO^mthicklayer of 
1, thus fonming a core l^er on the lower dadding layer. After an aluminum layer havir^ a 0.3 pm thldcn^ 
was formed on the core layer by means of electron-!)eam deposition, the core layer cast by the aluminum was 
subjected to resist processing. At first, a usual positive-type resist was fonmed on the processed layer of the 
wafer by a spin cast method and subsequently prebaked at approximately 95*»C. The resist layer was then exp- 
osed to ultraviolet radiation through a mask for fonming a pattern having a line width of 10 >mi and a length of 
60 mm by the use of an ultra-high pressure mercury vapor lamp, and subsequently developed with a developer 
for a positive-type re^t The developed layer was after-baked at 135 -c. The aluminum parts which were not 
coated by the resist were subjected to wet etching. Subsequent to washing and drying the wafer, the polyimide 
of the wafer was subjected to reacth^e ion etching (RIE) processing. The aluminum layer formed on the 
polyimide layer was removed by the etching agent mentioned above, thus obtaining a ridge-type optical 
waveguide having a tower dadding layer of polyimide copolymer 16 In Table 1-1, a core layer of polyimide 
homopoJymer 1 in Table 1-1 , and an upper cladding of an overiying air layer. The result measurement of the 
photopropagation loss of the obtained optical waveguide using a cutback method with light having a wavelength 
of 1.3 pm was 0.3 dB/cm. 



Example 5 



A ridge-type waveguide having a lower dadding layer of polyimide homopolymer 4 in Table 1-1 a core 
layer of polyimide copolymer 7 in Table 1-1 , and an upper dadding layer of an overiying air layer was obtained 
by repeating the same procedures as described in Example 4 except that a solution of a poly(amic add) which 
is a precursor of polyimide homopolymer 4 in Table 1-1, in an amount of 10 % by weight in DMA was used in 
the dadding layer instead of the solution of the poly(amfe add), which is the precursor of pdyfmide copolymer 
16 in Table 1-1 , in an amount of 10 % by weight in DMA; that a solution of a poIy(amlcadd). whteh is a precuisor 
of polyimide copolymer 7 in Table 1-1, in an amount of 1 0 % by weight in DMA was used In thecore layer instead 
of the solutton of the poly(amic add), which Is the precursor of polyimkJe homopolymer 1 In Table 1-1. in an 
amount of 10 % by weght in DMA; and thatthe maximum temperature of heat-treatment to the poly(amic add) 
being the precursor of polyimide homopolymer 4 in Table 1-1 to be the lower dadding layer was 380«C instead 
of 350*»C. In detaB. the heat-h-catment was carried out at 70'C for 2 hours; at ISO^C for 1 houn at 250»C far 
30 minutes, and at3ao*>Cfbr 1 hour. The result measurement of the photopropagation loss of the obtained opti- 
cal wavegukie using a cutback method with light having a wavelength of 1.3 (un was 0.3 dB/cm. 

Example 6 



A ridge-type waveguide having a lower dadding layer of pdyimide homopolymer 4 in Table 1-1, a core 
layer of pdyimide copolymer 7 in Table 1-1, and an upper dadding layer of an overlying air layer was obtained 
by repeating the same procedures as described in Example 5 except that a solution of a poly(amic acW). which 
is a precursor of polyimide copolymer 7 in Table 1-1. in an amount of 10 a by weight In n-hexanol, was used 
in the core layer instead of the solution of the poly(amto add), which is the precursor of polyimide copolymer 
7 in Table 1-1 . in an amount of 1 0 % by weight in DMA; and that the maximum temperature of heat-treatment 
to the poly(amic add), being the precursor of polyimide homopolymer 4 in Table 1-1 to be the lower dadding 
was 350«C instead of 380*^0. in detaB, the heat-treatment was canied out at 70X for 2 hours; at 160«C for 1 
houn at 250*C for 30 minutes, and at 350«C for 1 hour. The result measurement of the photopropagation loss 
<rf the obtained optical waveguide using a outbade method with l^ht having a wavelength of 1.3 jmi was 0.3 
dB/cm. 



Example 7 



A ridge-type waveguide having a lower cladding layer of polyimide copolymer 1 0 in Table 1-1 , a core layer 
of polyimide copolymer 1 1 in Table 1-1 . and an upper dadding layer of an overiying air layer was obtained by 
repeating the same procedures as described in Example 5 except that a sdution of a poly(amic acid), which 
is a precursor of polyimide copolymer 10 in Table 1-1. In an amount of 10 % by weight in Di^ was used in 
the lower cladding layer instead of the solutfon of the poly(amic acid), which is the precursor of polyinvde 
homopolymer 4 in Table 1-1, in an amount of 10 % by weight in DMA; and that a sdution of a poly(amic add), 
which Is a precursor of pdyimide copolymer 1 1 in Table 1-1 , in an amount of 1 0 % by weight in DMA, was used 
in the core layer instead of the solution of the poly(amic acid), which is the precursor of pdyimide copolymer 
7 in Table 1-1. in an amount of 10 % by weight In DMA. In this Example, the maximum temperature of heat- 
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treatment to the po!y(am]c actd), being the precufsor of polyimide copolymer 10 in Table 1-1 to k>e the lower 
dadding layer was 380°C. In detail, the heat-treatment was carried out at 7Q^C for 2 hours; at 1 60^C for 1 hour; 
at 250^C for 30 nilnutes. and at 380^C for 1 hour. The result measurement of the photopropagafion loss of the 
obtained waveguide using a cutback method with Hght having a viravelength of 1.3 ion was 0.3 dB/cm 

5 

Bcample S 

A ridge-type waveguide having a lower cladding layer of polyimide copolymer 10 in Table 1-1. a core layer 
of polyimide copolymer 11 in Table 1-1 , and an up|>er cladding l^er of an overlying air layer was obtained by 

io repeating the same procedures as described in Example 7 except that a solution of a poly(amic acid), which 
IS a precursor of polyimide copolymer 1 0 in Tat>Ie 1 -1 , in an amount of 1 0 % by weight in n-hexanol, was used 
in the lower cladding layer nistead of the solution of the poly(amic acid), which is the precursor of polyimide 
copolymer 10 in Table 1-1 , In an amount of 1 0 % by weight in DMA; and that the maximum temperatuns of heat- 
treatment to the poly(amlc acid), being the precursor of polyimide copolymer 10 in Table 1-1 to t>e the lower 

IS dadding was 350^C instead of 380^C. in detail, the heat-treatment was carried out at 70"^ for 2 houis; at 1 60^0 
for 1 houn at 250''C for 30 minutes, and at 350**C for 1 hour. The result measurement of the photopropagation 
loss of the obtained optical waveguide using a cutback method with light having a wavelength of 1.3 \xm was 
0.3 dB/cm. 

20 Example 9 



A sduHon of a poly(amlc add), wtiich is a precursor of polyimide copolymer 16 in Tatile 1-1, in an amount 
of 1 0 a by weight in DMA, was coated on the ridge-type waveguide obtained in Example 4 by a spin cast method 
and was subjected to heat-treatment up to a maximum temperature of 350^C Qn detail, the heat treatment was 

25 canied out at 70^C for 2 hours; at 160^C for 1 hour; at 250«C for 30 minutes, and at ZSO^C for 1 hour) so that 
the heat-treated waveguide had a 30 fun thtek layer of polyimide copolymer 16, thus obtadning an embedded- 
type wavegukle having a lower dadding layer of polyimide copolymer 18 in Table 1-1, a core layer of polyimide 
homcpdymer 1 1n Tat>le 1-1, and an upper dadding layer of polyimide copolymer 16 in Table 1-1. Each layer 
of the obtained optical waveguide was composed of the polyimide according to the present invention. The result 

30 measurement of the photopropagation loss of the obtained optical waveguide using a cutback method with light 
having a wavelength of 1.3 |im was 0.1 dB/cm. 

Example 10 



35 A solution of a poly(amic acid), which is a precursor of polyimide homopolymer4 In Table 1-1, in an annount 
of 10 % by weight In DMA, was cast on the ridge-type waveguide obtained In Example 5 by a spin cast method 
and was subjected to heat-treatment up to a maximum temperature of 380 ''C (In detail, the heat treatment was 
carried out at 70 *C for 2 hours; at 160 ^ for 1 houi; at 250 **C for 30 minutes, and at 380 *C for 1 hour) so 
that the heat-treated wavegukie had a 30 ^m thick layer of polyimide homopolymer4, thus obtaining an emt>ed- 

40 ded-type optical waveguide having a lower dadding layer of polyimide homopolymer 4 in Table 1-1 , a core layer 
of pol^mide copolymer 7 in Table 1-1, and an upper cladding layer of polyimide homopolymer 4 in Table 1-1. 
Each layer of the otitained waveguide was composed of the pol^'mide according to the present invention. The 
result measurement of the photopropagation loss of the obtained optical waveguide using a cutback method 
with light havir^ a wavelength of 1.3 pm was 0.1 dB/cm. 

45 

Examyrfe 11 

A solution of a poly(amk: add), which is a precursor of polyimide copolymer 1 0 in Table 1-1 , in an anrKHint 
of 10 % by weight in n-h»anol, was cast on the ridge-type wavegukle obtained in Example 8 by a spin cast 

so method and was subjected to heat-treatment up to a maximum temperature of 350 ""C (in detail, the heat treat- 
ment was carried out at 70 for 2 hours; at 160 for 1 houn at 250 '^C for 30 minutes, and at 360 **C for 1 
hour) so that the heat-treated waveguide had a 30 pm thick layer of polyimide copolymer 10, thus obtaining an 
embedded-type optical waveguide having a lower dadding layer of polyimide copolymer 1 0 in Table 1-1 , a core 
layer of polyimide copolymer 1 1 1n Table 1-1 , and an upper cladding layer of polyimide copolymer 10 In Table 

55 1-1. Each layer of the obtained optical wavegukje was composed of the polyimide according to the present 
Inventton. The result measurement of the photopropagatk>n loss of the obtained optical wavegukle using a cut- 
bade mettiod with light having a wavelength of 1.3 pm was 0.1 dB/cm. 
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Example 12 

A solution of a poly(amic acid), which is a precursor of polytmide copdymer 1 1 in Table 1-1. in an amount 
of 1 0 a by weight in DMA, was cast on a sOicon wafer 3 inches in diameter having an silicon oxide surface layer 
5 by a spin-coat method and was subjected to heat-treatment up to a maximum temperature of 360 *»C (m detail, 
the heat treatment was carried out at 70 **C for 2 hours; at 1 60 *>C for 1 hour; at 250 ®C for 30 minutes, and at 
380 ^'C for 1 hour) so that the heat-treated wafer had a 1 0 ^m thick layer of polyimide copolymer 1 1 , thus forming 
a core layer. After an aluminum layer having a 0.3 lun thickness was fom^d on the core layer by means of 
electpon-tieam deposltton, the core layer coated by the aluntinum was subjected to resist prooessir^. At liist, 

10 a usual positive-type resist was formed on the processed layer of the wafer by a spin-coat method and subse- 
quently prebaked at approximately 95 **C. The resist layer was then exposed to ultraviolet rad»tion through a 
mask for fonming a pattern having a line width of 10 pm and a length of 60 mm by the use of an ultra-high press- 
ure mercury vapor lamp, and subsequently developed with a developerfor a positive^ype resist The developed 
layer was after-baked at 135 ''C. The aluminum parts which were not coated by the resist were sutsjected to 

IS wet etching. Subsequent to washing and drying the wafer, the polyimide (polyimide copolymer 1 1 in Table 1-1) 
of the wafer was subjected to RIE processing. The aluminum layer formed on the polyimkje layer was removed 
by the etching agent mentioned above, thus obtaining a first ridge-type waveguide having a core layer of 
polyimide copolymer 1 1 1n Table 1-1 , and an upper cladding layer of an oveiiying air layer. 

Next, a solution of a poly(amlc add), which is a precursor of polyimide homopolymer4 in Table 1-1, in an 

20 amount of 1 0 % by weight in DMA was cast on the first ridge>type optical waveguide obtained above by a spin 
cast method and was subjected to heat-treatment up to a maximum temperature of 380 ^'C (in detaS, the heat 
treatment was carried out at 70 for 2 hours; at 160 *»C for 1 hour; at 250 <»C for 30 mniutes, and at 380 
fori hour) so that the heat>treated wafer had a 10 pm thick layer of polyimide copolymer4. thus fonming another 
core layer. A second ridge type optical waveguide was formed by repeating the same procedures as descrit>ed 

25 in the method for preparing the first ridge-type optical waveguide mentioned above, thus obtaining two kinds 
of optical waveguides, having different refractive Index each other, formed on the same substrate, wherein one 
optical waveguide had the core layer of polyimide 1 1 in Table 1-1 and the other optical wavegukie had the core 
layer of polyimide homopdymer 4 in Tatile 1-1. The result measurements of the photopropagation loss of the 
obtained two kinds of optical wavegukles. the first optical wavegukie and the second optical waveguide, using 

30 a cutback method with light having a wavelength of 1 .3 pm were 0.3 dB/cm and 0.3 dB/cm. 

Example 13 

A solution of a poty(amic acid), which is a precursor of polyimide copolymer 1 1 1n Table 1-1, in an anrKMjnt 

35 of 1 0 % by weight in DMA was cast on a silicon wafer 3 inches in diameter having an silicon oxide surface layer 
by a spin-cast method and the cast wafer was subjected to heat-treatment up to a maximum temperature of 
350 *»C (In detail, the heat treatment was earned out at 70 ""C for 2 hours; at 160 **C for 1 hour; at 250 ""C for 30 
minutes, and at 350 *C for 1 hour) so that the heat-treated wafer had a 10 pm thidc layer of polyimide copolymer 
1 1 . thus fomning a core layer. After an aluminum layer having a 0.3 pm thickness was formed on the core layer 

40 by means of electron-beam deposition, the core layer cast by the aluminum was subjected to resist processing. 
At first, a usual positive-fype resist was formed on the processed layer of the wafer by a spin cast n^thod and 
subsequently prebaked at approximately 95 ^C. The resist layer was then exposed to ultraviolet radiation 
through a mask for forming a pattern having a line width of 1 0 pm and a length of 60 mm by the use of an ex- 
tra-high pressure mercury vapor lamp, and subsequently developed with a developer for a positive-type resist 

45 The developed layer was after-baked at 1 35 ^'C. The aluminum parts which were not coated by the resist were 
subjected to a wet etching. Subsequent to washing and drying the wafer, the polyimide (polyimide copolymer 
1 1 in Table 1-1) of the wafer was subjected to a RIE processing. The aluminum layer formed on the pdyimide 
layer was removed by the etching agent mentioned above, thus obtaining a first ridge-type waveguide having 
a core layer of polyimide copolymer 1 1 in Table 1 , and an upper dadding part of an overiying air layer. 

SO Next, a solution of a poly(amic acid), which Is a precursor of polyvnide homopolymer 4 In Table 1-1, in an 

amount of 10 % by weight in n-hexand was cast on the first ridge-type optical waveguide obtained at>ove by 
a spin cast method and was subjected to heat-treatment up to a maximum temperature of 350 ^^c (in detail, 
the heat treatment was carried out at 70 ^'C for 2 hours; at 1 60 for 1 hour; at 250 ''C for 30 minutes, and at 
350 ""C for 1 hour) so that the heat-treated wafer had a 10 pm thick layer of polyimide homopolymer 4, thus 
55 fomiing another core layer. A second ridge type optical waveguide was fomied by repeating the same proced- 
ures as described in the method for preparing the first ridge-type optical waveguide mentioned above, thus 
obtaining two kinds of optical waveguides, having different refractive index each other, fonmed on the same 
substrate, wherein one optical waveguide had the core layer of polyimide 1 1 in Table 1-1 and the other optical 
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waveguide had the core layer of pof yimide homopolymer 4 in Table 1 -1 . Hie r^ult measurements of the photo- 
propagation loss of the obtained two kinds of optical waveguides, the first optical waveguide and the second 
optical waveguide, using a cutt>acic method with light having a wavelength of 1.3 |un were 0.3 dB/cm and 0.3 
dB/cm. 

5 

Comparative Exampte 

An attempt was made to prepare a ridge-type optical waveguide having a lower cladding layer of poiyimide 
homopolymer 4 in Table a core layer of pdyimtde copolymer 7 in Tatile 1-1, and an upper cladding layer 

10 of an overiying air layer obtained by repeating the same procedures as described in Example 5 except that the 
maximum temperature of heat^reatment to the poly(amic acid), being the precursor of poiyimide homopolymer 
4 in Table 1-1 to t>e the lower cladding was 350 ^C. In detaS, the heat-treatment was canied out at 70 **C for 2 
hours; at 160 for 1 hour; at 250 ''C for 30 minutes, and at 350 ""C for 1 hour. However, such the optical 
waveguide was not obtained, because the lower cladding layer was dissolved when the solution of the poly(amic 

IS add), which is the precursor of poiyimide copolymer 7 in Table 1-1, in an amount of 10 % by weight in DMA 
was coasted on the lower dadding layer which had heat-treated at the maximum temperature of 350 
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Evaluation of Solubility 



Soluble polyimide 
homopolymer 4 
in Table 1-1 



Methanol X ^> 

Etbanol X 

n-Butanol X 

n— Pentanol X 

n— Hexanol X 

n-Heptanol X 

n-Octanol X 

Diethylene glycol O 
diethyl ether 

Methyl isobutyl ketione X 

Diethylene glycol O 
dimethyl ether 

Bis (2-butoxyethyl) X 
ether 

Acetophenone O 

Isooctylacetate X 

1/ 2-Diacetoxyethane O 

Cyclohexanol X 

Acetone O 



Polyamic acid 
precursor 
ot polyimide 
homopolymer 4 in 
Table 1-1 
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Table 2 (continued) 



Solvent 



Evaluation of Solubility 



10 



Soluble polyimide 
homopolymer 4 
in Table 1-1 



Polyamic acid 
precursor 
of polyimide 
hoinoF>olymer 4 
in Table 1-1 
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25 



Tet: rabydrof uran 


O 


O 


Etbyl acetate 


O 


O 


Benzene 


X 


X 


Hexane 


X 


X 


N,N-diinet:hyl acetamlde 


O 


o 



30 



1) insoluble in the solvent 

2) soluble in the solvent 



35 



40 



As described above, according to the present invention, an optical waveguide which has properties includ- 
ing low optical losses, facile fabrication, controllrable core - cladding refractive index, and high heat resistance 
can be provided. The core - cladding refractive index ratio which has not been obtained in conventional quartz 
glass optical waveguides and plastic optical waveguides can be freely controlled according to the present Inven- 
fion. 

The present invention has been descril>ed herein in tenfns of preferred embodiments thereof. Medications 
to and variations on any of the embodiments can be made without departing from the essential spirit of this 
invention. Accordingly, it should be understood that the present invention Includes all forms encompassed by 
the appended claims. 



45 Claims 

1. An optica] waveguide for light transmission therethrough having a core, wherein the core Is made of a 
polyimide obtained from at least one tetracarboxylic acid dianhydride and at least one diamine, the 
polyimide being selected from the group consisting of 
50 (a) a polyimide homopolymer derived from a diamine represented by fomnula p] as follows: 
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(b) a polyomide copolymer derived from at least one diamine including the diamine represented by the 
formula p]; 

(c) a mixture of the pdyimide homopolymers. 

2. An optical waveguide having a core fcnr light transmission therethrough, wherein the core is made of a 
polyimide copolymer including at least two units represented by the formulae PQ and [HI] as follows: 




[II] 



[HI] 



wherein each of and R2 is a tetiavalent organic group selected lirom the group consisting of 
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0 





FaC^ /CF3 CF3 



with the proviso that Ri and R2 are different from each other. 

3. A method for making an optical waveguide for light transmission, the optical waveguide having a substrate 
and at least two stacked layers, first and second layers, fomned to cover the sut>stiafe, the method com- 
prising the steps of: ' 

(a) preparing a substrate and at least two kinds of solutions, at least one of which being of a poly(amic 
ackj) which Is a precursor of a polyfmide, the pofyimlde being selected from the group consisting of 
(1) a polyimide honiopoiymer derived from a diamine represented by fbnmuta [Q as follows: 



(2) a polyimide copolymer derived from at least one diamine including the diamine represented by 
the fonnula [Q ; 

(3) a mbcture of the polyimide homopolymers; 

(b) fbnning a layer of a solution of said at least two kinds of solutions over the substrate; 

(c) subjecting the lay^ of the solution to heat treatment at a maximum temperature of not less than 
350 ^'C to solidify the layer of the solution to fonm a first layer; 

(d) forming a layer of the other solution of sakl at least two kinds of solutions on the first layer, wherein 
the first layer is insoluble in the other solution; 

(e) subjecting the layer of the other solution to heat treatment at a maximum temperature of not less 
than 350 «C to solkfHy the layer of the other solution to form a second layer. 

4* A method for making an optical waveguide for light transmission, the optical wavegukJe having a substrate 
and at least two stacked layers, first and second layers, formed to cover the substrate, the method com- 
prising the steps of: 

(a) preparing a substrate and at least two kinds of solutions, at least one of which being of a poly(amto 
ackl) which is a precursor of a polyimide copolymer including at least two units represented by fonmulae 
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F3C 
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pq and piq as follows: 
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[III] 
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wherein each of and is a tetravalent organic group selected from the group consisting of 



XX. xy'xx 
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FaQ^ /CF3 CF3 




and 



with the proviso that Ri ami are different from each other; 

(b) forming a layer of a solution of said at least two kinds of solutions over the substrate- 

Sfi;?!!* ? ^® ^^'^^ *° treatment at a maximum temperature of 'not less than 

350 -C to solidify the layer of the solution to fbnn a first layer; or noi less tnan 

(d) fontning a layer of the other solution of said at least hwo kinds of solutions on the first layer wherein 
the first layer Is insoluble in the other solution; wnerein 

f? ^^1^^ ^ *° treatment at a maximum temperature of not less 

than 350 -C to solidiy the layer of the other solution to form a second layer. 
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